One hundred clinical isolates of methicillin-resistant (Metr) Staphylococcus aureus from five different geographical origins were tested for their susceptibility to 12 non-li-lactam antibiotics by the broth microdilution technique recommended by the National Committee for Clinical Laboratory Standards.
The increased incidence of methicillin-resistant (Metr) Staphylococcus aureuis infections in the last 15 years has been well documented (7, 11, 18) . Although the highest incidences have been confined to large teaching hospitals, small community hospitals have not completely escaped and actually may have higher incidences of Metr S. aureu.s infections than reported because of the lack of ongoing infection control programs (4, 5) . Further complicating the incidence issue is the unreliability of a variety of laboratory susceptibility testing procedures for detection of methicillin resistance among S. aureus (2, 3) .
Historically, penicillins have been used to treat staphylococcal infections. Because of the subsequent development of resistance to penicillin G and ampicillin via ,B-lactamases, penicillinase-resistant penicillins and cephalosporins were introduced for staphylococcal therapy. With the emergence of methicillin resistance among S. aureu.s during the 1960s, the effectiveness of therapy of staphylococcal infections with all penicillins and cephalosporins became questionable.
Presently, Metr S. auireus should be considered resistant to all P-lactam antibiotics, and vancomycin is the drug of choice.
The present study was undertaken to compare the activi- Time-kill kinetics studies. Three Metr S. aureus strains were selected to study the bactericidal activity of coumermycin, teicoplanin, ciprofloxacin, rifampin, and vancomycin. Each organism was added to flasks containing 100 ml of cation-supplemented Mueller-Hinton broth with antibiotics at concentrations of 0, 0.5, 1.0, and 4.0 times the MIC of each antibiotic. The inoculum was prepared from a logarithmic-phase culture with an inoculum density in each flask of 106 CFU/ml of broth. All flasks were incubated aerobically at 35°C. Samples (1 ml) were removed from each flask at 0, 2, 4, 6, 8, and 24 h postinoculation. Dilutions of 100, 10', 10-2, 10-4, and 10-6 were prepared from each sample in sterile saline, and 0. Tirpe-kill kinetic studies. Figure 1 shows the bactericidal activities of coumermycin, ciprofloxacin, teicoplanin, vancomycin, and rifampin. Table 3 shows a comparison of the kill kinetics at 8 and 24 h at each antibiotic concentration tested. Only coumermycin and teicoplanin showed bacterial activity at 0.5 times the MIC at 8 h. Thereafter, regrowth occurred, and the organism titer was higher than the original inoculum. At one times the MIC all antibiotics but rifampin were bactericidal at 8 h postinoculation; however, at 24 h regrowth of the organisms beyond the original inoculum had occurred for all antibiotics. As expected, the concentrations at four times the MIC showed the greatest bactericidal activity against the Metr S. aureus strains. At 8 h all the compounds killed greater than 99% of the inoculum. At 24 h regrowth occurred in the rifampin and coumermycin flasks. Vancomycin, teicoplanin, and ciprofloxacin remained highly active by continual inhibition of regrowth of the organisms.
DISCUSSION
Although the production of P-lactamases by isolates of S.
aureus is common and increases their degree of antibiotic resistance, it is the acquisition of resistance to the penicillinase-resistant penicillins (methicillin, oxacillin, and nafcillin) that negates the use of ,-lactam antibiotics for therapy of these infections. In the past, considerable controversy concerning the true susceptibility of Metr S. aiureus to P-lactam antibiotics has existed. Factors contributing to this controversy are lack of standardized susceptibility testing methods and lack of understanding of the mechanisms of methicillin resistance. S. aur^euts isolates shown to be resistant to methicillin, oxacillin, or nafcillin should be considered resistant to all P-lactam antibiotics (12) . Currently, vancomycin is the drug of choice for Metr S. aureus infections, although some advocate the addition of rifampin or gentamicin (21) . All of these antibiotics possess potential toxicity problems and should be used cautiously.
In the present study we compared the in vitro activities of these antibiotics with those of some experimental antibiotics as well as with those of other antibiotics not frequently used to treat Metr S. aureus infections. Several of the antibiotics were highly effective in vitro. Interestingly, the mechanisms of action of these antibiotics vary from those inhibiting DNA synthesis to cell wall-active compounds.
Coumermycin, ciprofloxacin, and norfloxacin inhibit DNA gyrase activity within bacterial cells (10, 19 (16, 17, 20) .
Among the aminoglycosides, amikacin showed the greatest activity, and tobramycin was the least active. Similarly, chloramphenicol, also an inhibitor of protein synthesis, showed poor activity against the strains tested. By comparison, rifampin and doxycycline (both affect RNA) varied widely in activity. Rifampin, similar to teicoplanin, was highly active, whereas doxycycline was about 64-fold less active.
Although some geographical variation was noted, no significant differences were detected among the most active agents, namely coumermycin, teicoplanin, ciprofloxacin, rifampin, and vancomycin. Kill-curve studies of the five most effective antibiotics showed good killing of the test strains within 8 h; however, at 24 h complete regrowth to a density greater than the initial inoculum occurred with rifampin, and partial regrowth occurred with coumermycin. Despite the high level of inhibitory activity of rifampin, rapid emergence of resistance to rifampin by Metr S. aureus has been reported by other investigators (1, 9, 22) . Vancomycin, teicoplanin, and ciprofloxacin were highly bactericidal at 24 h, killing greater than 98% of the inoculum. Chin and Neu (6) also reported effective killing activity of S. aureus by ciprofloxacin at four times the MIC. Similarly, Neu and Labthavikul (16) 
